Single-crystal X-ray study T = 295 K Mean (C-C) = 0.003 Å R factor = 0.043 wR factor = 0.132 Data-to-parameter ratio = 17.6
The title compound {alternative name: 2,5-dioxo-3-pyrrolidin-1-yl 4-[(2,5-dioxo-3-pyrrolin-1-yl)methyl]cyclohexanecarbox-ylate}, C 16 H 18 N 2 O 6 , crystallizes as discrete molecules separated by normal van der Waals interactions. The succinimide ester and maleimide subunits occupy equatorial positions on the cyclohexane ring.
Comment
The title compound (SMCC), (I), is a heterobifunctional linking reagent that finds considerable utility for the bioconjugation of chemical and biological species and is reactive to reagents possessing both amine and sulfhydryl functional groups (Bieniarz et al., 1996) . We have used a simple two-step procedure to synthesize the target material in reasonable yields (41%). Recrystallization yielded highly pure crystalline material suitable for single-crystal X-ray diffraction studies. The structure of (I) consists of discrete molecules (Fig. 1 ). Bond lengths are in accord with conventional values (Allen et al., 1987) . The succinimide ester and maleimide subunits occupy equatorial positions on the cyclohexane ring.
Experimental trans-4-{[(3-Carboxy-1-oxo-2-propenyl)amino]methyl}cyclohexanecarboxylic acid (7.402 g, 29 mmol) and N-hydroxysuccinimide (3.696 g, 32 mmol) were dissolved in dry dimethylformamide (50 ml) and cooled to 273 K under an atmosphere of nitrogen. N,N-Dicyclohexylcarbodiimide (DCC) (10.542 g, 51 mmol) was added to the solution and the reaction stirred for a further hour at 273 K. After warming to room temperature (296 K), the reaction was stirred for an additional 48 h. Precipitated dicyclohexylurea (DCU) was removed by filtration. Water (200 ml) was added to the filtrate and the solution was extracted with CHCl 3 (4 Â 250 ml). The combined organic layers were dried (MgSO 4 ), filtered and the solvent removed in vacuo to yield a red oil. The oil was dissolved in dichloromethane (200 ml) and subsequently precipitated by the careful addition of hexane to yield a white solid that was collected by filtration and characterized as succinimido 4-(N-maleimidomethyl)cyclohexanecarboxylate (4.03 g, 12 mmol, 41%). A small quantity of the product was recrystallized from (CH 3 ) 2 CO/CH 3 OH to yield crystals suitable for single-crystal X-ray diffraction studies (m.p. 444-447 K) 24, 170.85, 170.19, 134.37, 42.73, 39.39, 35.65, 28.55, 27.78, 25.41 . Hydrogen-bonding geometry (Å , ).
Crystal data
H atoms were constrained in riding-model approximation, with C-H distances set at 0.95 Å . U iso (H) values were set at 1.2U eq of the parent atom. Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2σ(F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 ) (7) O6 0.65424 (7) 0.38235 (9) 1.09544 (17) 0.0723 (6) N1 1.06275 (7) 0.24343 (9) 0.74894 (18) 0.0478 (5) N2 0.69835 (7) 0.49801 (9) 1.01501 (17) 0.0473 (5) C1 1.05851 (10) 0.16876 (12) 0.6942 (2) 0.0494 (7) C2 1.11881 (10) 0.15878 (11) 0.6077 (2) 0.0512 (7) C3 1.15952 (10) 0.23267 (12) 0.6275 (2) 0.0584 (8) C4 1.11900 (9) 0.28542 (12) 0.7176 (2) 0.0476 (7) (9) 0.0552 (10) 0.0074 (7) 0.0051 (8) 0.0030 (8) C1 0.0432 (11) 0.0526 (12) 0.0525 (12) −0.0026 (10) −0.0040 (10) 0.0038 (10) C2 0.0540 (12) 0.0477 (11) 0.0520 (12) 0.0048 (10) 0.0030 (10) 0.0007 (9) C3 0.0456 (12) 0.0566 (13) 0.0731 (15) 0.0032 (10) 0.0184 (11) −0.0007 (11) C4 0.0418 (11) 0.0495 (11) 0.0515 (12) −0.0002 (9) 0.0051 (9) 0.0015 (9) C5 0.0419 (11) 0.0624 (13) 0.0550 (13) 0.0115 (10) 0.0020 (10) 0.0040 (11) C6 0.0381 (10) 0.0546 (12) 0.0481 (11) 0.0102 (9) 0.0036 (9) 0.0039 (9) C7 0.0300 (9) 0.0639 (13) 0.0646 (13) 0.0032 (9) −0.0048 (9) 0.0012 (11) C8 0.0359 (10) 0.0561 (12) 0.0625 (13) 0.0055 (9) −0.0101 (10) −0.0074 (10) C9 0.0319 (9) 0.0461 (11) 0.0487 (11) 0.0038 (8 Symmetry codes: (i) −x+3/2, y−1/2, z; (ii) x, −y+1/2, z−1/2; (iii) x, −y+1/2, z+1/2; (iv) x+1/2, y, −z+3/2; (v) −x+2, y+1/2, −z+3/2; (vi) x−1/2, y, −z+3/2; (vii) x−1/2, −y+1/2, −z+2; (viii) x+1/2, −y+1/2, −z+2; (ix) −x+2, y−1/2, −z+3/2; (x) −x+3/2, y+1/2, z; (xi) −x+3/2, −y+1, z+1/2; (xii) −x+1, −y+1, −z+2; (xiii) −x+3/2, −y+1, z−1/2. Symmetry codes: (ii) x, −y+1/2, z−1/2; (iv) x+1/2, y, −z+3/2; (viii) x+1/2, −y+1/2, −z+2; (x) −x+3/2, y+1/2, z.
